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Hypothesis 
Prediction of terminal protein and ribonuclease H domains in the 
gene P product of hepadnaviruses 
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By means of comparative analysis of primary and secondary structures, and hydropathy plots of hepadnavirus P proteins 
new functional domains were revealed additionally to the polymeras¢ domain which had been found earlier in these pro- 
teins. The C-terminal part of P proteins was revealed to be significantly similar to ribonuclease H of E. coll. The ribonucle- 
ase H functional domain is known to be an integral entity of retrovirus reverse transcriptase asa rule. Availability of 
this domain indicates once more the putative reverse transcriptas¢ properties of the P products. The proteins of hepadna- 
viruses were compared to terminal proteins of picornaviruses, adenoviruses and bacteriophages. The data obtained sug- 
gested that a conservative N-terminal region of P proteins functions as protein primer for DNA synthesis n hepadnavi- 
ruses .  
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1. INTRODUCTION 
In the hepadnavirus family the genome DNA 
replication mechanism includes areverse transcrip- 
tion step as well as a terminal protein for priming 
of DNA synthesis [1]. Nevertheless neither activity 
has been directly associated with a particular viral 
protein. There is a hypothesis that the reverse 
transcriptase is coded by the P gene [2]. A region 
of the P protein of hepatitis B virus is homologous 
with the polymerase domain of retrovirus reverse 
transcriptase [2]. Since the pol proteins of 
retroviruses were shown to contain ribonuclease 
H, endonuclease and, in some cases, protease as 
well [1,3], we looked for additional functional do- 
mains in the P protein of hepadnaviruses. 
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2. MATERIALS AND METHODS 
The matrix homology program DNASEQ (Institute of Pro- 
tein, Academy of Sciences of the USSR) was used for primary 
analysis of sequences. The statistical significance of sequence 
alignment was evaluated according to [4]. The correlation coef- 
ficient (K) of hydropathy plots [5] was calculated by the method 
described in [6]. Calculation of protein secondary structure was 
carried out according to the method in [7]. Sources of hepad- 
navirus protein and terminal protein sequences were the articles 
quoted in [8] and [9], respectively. Other sequences used were 
ribonuclease H of E. coli [10] and terminal protein of PRD1 
[11]. 
3. RESULTS AND DISCUSSION 
A comparison of retrovirus pol proteins with 
hepadnavirus P proteins failed to find additional 
sequence homology, excluding those that had been 
identified for the polymerase functional domain 
[2]. However, by direct comparison of hepad- 
navirus proteins with E. coli ribonuclease H, fairly 
long homologous regions were discovered. Gene P 
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polypeptides of hepatitis B virus (HBV) and 
ground squirrel hepatitis virus (GSHV) appeared 
to be the most similar to ribonuclease H (fig.l). 
The percentage of coinciding amino acid residues 
in E. coli ribonuclease H and appropriate segments 
of P protein of HBV subtype adr or the GSHV 
protein was 24.1% or 25.4% (P < 0.001), respec- 
tively. 
Analysis of hydropathy plots and secondary 
structure demonstratedessential simi arity of these 
parameters for the compared proteins. The cor- 
relation coefficient (K) of hydropathy plots for the 
C-terminai region of HBV adr P protein and 
ribonuclease H was 0.2850 (P < 0.01). For 
hydropathy plots of HBV ayw P protein and 
ribonuclease H domain of Rous sarcoma virus 
polymerase [3] the K value was 0.2794 (P < 0.002). 
Thus our results uggest that the C-terminal region 
of gene P polypeptide of hepadnaviruses is the 
ribonuclease H functional domain. This finding in- 
dicates once more that the gene P product is an 
RNA-dependent DNA polymerase. 
Gene P polypeptides appear to differ from pol 
proteins by the lack of an endonuclease domain 
which locates on the C-end of pol [3]. Absence of 
this sequence seems to reflect differences in 
genome replication of these two virus groups [1]. 
In retroviruses a polymerase domain locates as a 
rule on the N-end of pol [1,3]. But in hepad- 
naviruses the domain has been found in the C- 
terminal half of P protein [2]. Probably this region 
occupies position 400-700. A comparative analysis 
of the gene P products of hepadnaviruses 
demonstrated that the N-terminal region 1-200 
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Fig. I. Comparison of sequences of E. coli ribonuclease H and hepadnavirus DNA polymerases. Asterisks indicate identical residues 
in the ribonuclease H and the P protein of subtype adr hepatitis B virus (HBV adr). Symbol + marks residues which belong to the 
same group of amino acids in these sequences. The groups were formed as follows: A, S, T, P and G; N, D, E and Q; H, R and K; 
M, L, I and V; F, Y and W. HBV ayw, sequence of DNA polymerase of HBV subtype ayw; WHV, woodchuck hepatitis virus; GSHV, 
ground squirrel hepatitis virus; DHBV, duck hepatitis B virus. 
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was conserved to the same degree as ribonuclease 
H and polymerase functional domains. Such ob- 
vious evolutionary preservation of the structure 
testifies apparently to the functional significance 
of this segment. In some retrovirus pol proteins the 
N-terminal part has been known to be protease 
[12]. However, we failed to find sequence 
homology between retrovirus proteases and P pro- 
teins, in agreement with published ata [8]. What 
is the role of the N-terminal domain of the pro- 
tein? We assume that this region functions as a 
protein-primer. 
The GSHV terminal protein has not been found 
to be connected with the 5'-end of growing DNA 
chains through Ser or Thr residues [13]. Another 
known possible connection of terminal protein to 
nucleic acids is a phosphodiester linkage through 
Tyr. The only example of terminal protein of this 
type studied in detail is picornavirus VPg [9]. 
When the P proteins of hepadnavirus were com- 
pared to VPgs, we identified a conserved region in 
the N-terminal part of P proteins having marked 
similarity to the genome linked proteins of picor- 
naviruses. This region contains the Gly-X,Tyr se- 
quence which is the DNA connection site in VPgs 
and A protein of ~X179 [9]. No such sequence was 
found in surface and core antigens, or X protein. 
The consensus was revealed only in the N-terminal 
region of P protein (fig.2). Region 61-84 of HBV 
ayw P protein and VPg of human rhinovirus 14 
displayed the greatest similarity (fig.3). There are 
32070 of identical amino acids and 52070 of 
chemically related residues. For comparison it 
should be noted that VPgs of picornaviruses 
belonging to the same genus, for example VPg of 
poliovirus 1 and hepatitis A virus, can be similar 
for 27.3070 only. The most similar hydropathy pro- 
files were those of picornavirus ECHO9 VPg and 
region 66-89 of the GSHV P protein. The K value 
was 0.4699 (P < 0.01). 
In spite of overall absence of a sequence 
homology between adenovirus or phage 429 ter- 
minal protein and the N-end part of hepadnavirus 
P protein, hydropathy plots of appropriate r gions 
of these proteins coincided significantly. The K 
values for region 510-600 of adenovirus 5 terminal 
protein and region 180-260 of phage 429 gp3 
(both contain the functionally essential Ser 
residue), on the one hand, and region 1-90 of 
HBV ayw P protein and region 1-100 of GSHV 
protein, on the other hand, were 0.4053 (P < 
0.001) and 0.3013 (P < 0.002), respectively. 
The characteristic peculiarity of adenovirus and 
phage ¢~29 terminal protein secondary structures i
/ 
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GSHV 
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FRNIQSLGEEEVQELLGPPEDA L PLLA GEGLNHRVADALNLQLPTAD 
LREAEKQLRVLENLVDSNLEEEKLKPQLSMGEDVQ #VRAATI DLPRLGNK 
IPWTHKVGNFTGLYSSTVPVFNPHWKTPSFPNIHLHQDI IKKCEQFVGPL 
LQWVHKTNAITGLYSNQAAQFNPHWIQPEFPELHLHNELIKKLQQYFGPL 
LEWIHKTNVITGLYSTQTEKFNCNWKQPVFPKIHLDNNLFQKLENYFGPL 
LPARHHLGKLSGLYQMKGYTFNPEWKVPDISDTHFNLDVVNEC P 
TVNEKRRLQLIMPARFYPKVTKYLPLDKGIKPYYPEHLVNHYFQTRHYLH ( 8-150 ) 
T INEKRKLQLNFPARFFPKATKYFPL IKGIKNNYPNFALEHFFATANYLW ( 8-154 ) 
TTNEKRRLKLVFPARFFPNATKYFPLLKGIKDKYPNYTIEHFFAAANYLW ( 8-154 ) 
SRNWK YL TPAKFWPKRISYFPVQVGVKPKYPDNVMQHESIVGKYLT ( 65-222 ) 
Fig.2. Comparison of N-terminal parts of the polypeptide P sequences representing putative terminal protein domain. Identical 
positions in these sequences were marked by asterisks. The arrow indicates Tyr in the consensus Gly-X-Tyr. Conserved a-helix region 
is underlined. The region of DHBV polymerase from position 100 to 118 is substituted by #. For description of other conventional 
symbols see the legend to fig. 1. 
117 
Volume 243, number 2 FEBS LETTERS January 1989 
HRV-14  GPYSG NPPHN KLKAPTLRPVVVQ 
HBV ayw GLYSSTVPVFNPHWKTPS FPNIHL  
+ +++ + + + ++++ + + 
Fig.3. Comparison of sequences of human rhinovirus 14 VPg 
(HRV-14) and protein P region 61-84 of hepatitis B virus 
subtype ayw (HBV ayw). Identical positions were marked by 
asterisks. Symbol + indicates amino acids which belong to the 
same groups in both sequences ( ee legend to fig.l). 
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a negatively charged a-helix located immediately 
upstream of  the Ser residue which is linked to the 
5 ' -end of  genomic DNA [9]. An analogous truc- 
ture is also revealed at a short distance from the 
Gly-X-Tyr sequence of  P proteins (fig.2). In 
hepadnaviruses the region o f  P gene coding for this 
a-helix overlaps with C gene [1]. It has been pro- 
posed that the hepadnavirus polymerase is syn- 
thesized as a nucleocapsid-polymerase fusion 
protein formed by means of  a change of  transla- 
t ion phase in the gene overlapping region [14]. Our 
findings provide evidence on the functional impor- 
tance of  the region of  P protein coded by the 
overlapping part of  these genes. Therefore, it may 
be suggested that the change of  translation phase 
occurs somewhere near the first methionine codon 
of  the P gene. In favour o f  this assumption, an- 
tibodies have been detected in the serum of  
hepatitis B patients which interacted with a syn- 
thetic peptide corresponding to region 29-38 of  
the P protein [15]. 
In conclusion, if the hypothesis on the 
mechanism of  hepadnavirus DNA polymerase syn- 
thesis [14] is correct, then the terminal protein 
might contain at least sequences of  the nucleocap- 
sid protein and the N-terminal part o f  P polypep- 
tide. Our understanding of  the functional 
organization of  the hepadnavirus reverse transcrip- 
tase 'precursor'  is summarized in fig.4. Region 
200-400 is highly hydrophil ic and the most 
variable part o f  P protein. We assume that this 
region functions as tether between terminal protein 
and reverse transcriptase domains. When this arti- 
cle was being submitted experimental evidence for 
the model of  the retrovirus pol proteins' functional 
organization [3] was published [16]. Indirectly 
these results confirm our prediction of  relative 
localization of  polymerase and ribonuclease H do- 
mains in the hepadnavirus P proteins. 
Fig.4. (A) Relative arrangement of four protein coding zones in 
hepatitis B virus genome. C, gene of nucleocapsid protein; preS 
and S, gene of HBsAg with preS-region; X, gene of X protein; 
P, gene P. (B) Putative domain structure of probable precursor 
polyprotein in hepadnaviruses. C, address functional domain 
represented bypart of nucleocapsid protein [14]; TER, terminal 
protein domain; 'TETHER', highly hydrophilic and the most 
variable part of P protein; POL and H, polymerase and 
ribonuclease H domains, respectively. 
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